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ABSTRACT OF THE DISCLOSURE 
There is disclosed a method and apparatus for record 

ing, on a single punched tape, of operational data pertain 
ing to a plurality of looms. Each loom is connected to a 
separate data storage device and presents to that device 
a signal representative of a loom operating condition, e.g., 
no warp threads broken, or one or more warp threads 
broken. Periodically the storage devices are scanned in 
succession to compare the data stored therein with the 
signal presented thereto, and in the event of a disparity 
detected at any of the storage devices (representative of 
a change in operational condition for the loom to which 
that storage device pertains since the last previous Scan 
ning), the content of the storage device is changed to 
refect the new operational condition. Moreover, each such 
detected disparity causes recording on the tape of a 
group of punches representative of the change in loom 
condition, of the identity of the loom affected, and of 
the time of occurrence of that change. 

The present invention pertains to a method and appa 
ratus for recording data in a weaving operation. 
In the prior art systems for recording weaving data 

known to us, the record tape advances continuously, the 
tape having as many columns or "levels' as there are 
looms whose operation is to be recorded. If a loom is 
stopped, for example in the event of breakage of a warp 
thread, record marks such as dashes are continuously en 
tered on the tape in the column pertaining to that loom 
until the loom is restored to operation. An indication of 
the reason for interruption in the operation of the loom, 
Such as breakage of a warp thread, is also printed on the 
tape adjacent the marks indicating the time of nonopera 
tion. In addition, there are provided for each loom a num 
ber of counters from which can be read in respect to 
each type of malfunction the number and time of occur 
rence of such interruptions. 
For many purposes however the results of this prior art 

method are not readily usable. It is an object of the in 
vention to provide a method and apparatus facilitating 
use of such data especially in large operations involving 
a large number of looms. 

In accordance with the invention the data representing 
the individual occurrences, e.g., malfunctions, and the 
times at which they take place are recorded one after an 
other, optionally together with the identifying numbers of 
the looms involved, in a single perforated tape suitable 
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for use in a computer. This tape, after recording thereon 
by perforations representative of one such event, is ready 
for recording of the next event and comes to rest while 
awaiting that event. Such a mode of operation can be re 
ferred to as linear recording. The data recording appa 
ratus of the invention includes a device to store the sig 
nals coming from the looms or from a manual signal 
generating device, a device which sequentially interrogates 
this storage device in respect of the storage therein of 
signals from the various looms and from any manual 
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inputs thereto, and a tape punching device controlled by 
this interrogator. 

In this way there is obtained a single record member 
on which are permanently recorded signals representa 
tive of all of the events of interest in the weaving room 
and of the time occurrence thereof as well as, desirably, 
the identifying numbers of the looms involved. This record 
can at any time be supplied to a computer for evaluation. 
With the present invention it is not necessary to relate the 
data to each other as is the case in the method of the 
prior art, where the time of occurrence of each event must 
be read off of the tape from a time reference mark, to 
gether with the aggregate number and duration of the 
events. 

With the method and apparatus of the invention it is 
possible, for example, to handle operational, statistical 
and supervisory problems of production control and 
problems concerning the productivity of the labor em 
ployed, and also payroll computations. By means of the 
method of the invention it is possible, from evaluation 
of the punched tape in a computer, to ascertain, effect or 
compute: 

(a) The length of time during which each loom was in 
operation, for example within a given shift; 

(b) The number of interruptions of a specified mini 
mum time duration irrespective of the cause or nature 
thereof; 

(c) classification of interruptions according to the 
cause thereof; 

(d) The duty cycle of each loom, i.e., ratio of actual 
operating time to potential maximum operating time; 

(e) Payroll computation for the loom operators as a 
function of the productive time of the looms in the charge 
of those operators individually; 

(f) Signalling of when the length of warp threads on 
the warp beams falls to a certain level; 

(g) Identification of those looms which during a given 
period underwent more than a specified number of op 
erational interruptions; 

(h) Distribution of employee working time among vari 
ous tasks Such as repair of warp threads breakage gener 
ally and additionally distribution of such repairs among 
various portions of the machine as within the shafts, at 
the reed and so on; 

(i) Waiting time between occurrence of a malfunction 
and beginning of repair thereof versus time required for 
actual repair; 

(j) Time studies for determination for example of the 
average time required for correction of thread breakage 
on a large number of machines, of lost time between the 
occurrence of a malfunction as by thread breakage and 
initiation of repair thereof due to preoccupation of per 
Sonnel with repairs on other looms; 

(k) Methods for optimizing production in respect to 
utilization of labor; 

(1) Simulated weaving operation such as theoretical 
running through of a specified operating time of the 
Weaving room under controlled conditions such as vari 
ous Weft or Warp thread material, variations in tempera 
ture and humidity, etc.; and 

(m) Determination of rest periods of the employees. 
The invention will now be further described in the 

terms of a nonlimitative exemplary embodiment and with 
reference to the accompanying drawings in which: 

FIG. 1 is a fragmentary schematic plan view of a weav 
ing room and adjacent space according to the invention; 

FIG. 2 is a simplified view in end elevation of an 
individual loom seen from the cloth beam end thereof; 

FIG. 3 shows a detail of the loom of FIG. 2, at an 
enlarged scale; 

FIG. 4 is a circuit diagram of the data collection system 
of the invention; 
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FIG. 5 is a diagram of the manual information inser 
tion device of the system of FIG. 4; and 
FIG. 6 is a fragmentary view of the punched data tape 

of the invention. 
Refering to FIG. 1, the weaving room 31 contains a 

large number of looms 32, which may be as many as a 
hundred or more in number, only a few being shown in 
any detail. The machines are positioned in pairs with 
the cloth beam sides or ends of the two machines of a 
pair adjacent to each other so that the warp beams 21 
thereof are on opposite sides of the wide interloom spaces 
34 whereas the cloth beams 23 thereof are adjacent the 
narrow passageways 35. 
As indicated in FIG. 2, each loom includes two uprights 

41 and 42 which are connected to each other by inter 
mediate members not shown. The loom is driven by a 
motor 47 coupled to a main shaft 45 which carries a fly 
wheel 46, the flywheel incorporating a brake and clutch. 
Various machanisms of the loom disposed in the picking 
and catching devices 13 and 15 are driven from the main 
shaft 45. The gripper shuttle 12 is projected from the 
picker to the catcher and in doing so draws the weft thread 
10 through the shed formed by the shafts 19. The weft 
thread is thereupon beaten up by the reed 18. The weft 
thread supply spool is shown at 11. The cloth 24 is 
wound up on the cloth beam 23. 

Various appropriate thread supply and transfer devices 
are provided at the picking and catching mechanisms 13 
and 15. These are shown schematically in the drawing 
at 16 and include thread end delivery means, edge thread 
clamps, shears, thread centering devices, selvage insertion 
needles and width maintenance devices and the like. The 
catcher 15 additionally includes a detector or monitor 17 
which develops a signal whenever, after insertion of the 
shuttle by the picking mechanism, the shuttle is not re 
ceived in the catcher." In that event, the signal generated 
by the device 17 serves automatically to stop the loom. 
A weft thread monitoring device 25 is provided on the 
loom, and indeed two such devices may be provided 
thereon, one at each side of the warps, one adjacent 
the picker and one adjacent the catcher. This device is 
further illustrated in FIG. 3. In FIG. 3, an eccentric 53 
fastened to a shaft 51 which is coupled to the main loom 
shaft drives a connecting rod 54 having a cap 55 on the 
eccentric. The connecting rod 54 is pivotally connected 
at 48 to a lever 56 pivoted in turn at 57. The bearing 
or pivot 57 is supported on a rod 58 which in turn is 
supported for rectilinear motion in two fixed bearings 
59 and 60. A spring 61 stresses the rod 58 to the left in 
FIG. 3, toward the position in which a stop 62 affixed 
to the rod brings up against the bearing 60. The right 
hand end of the rod 58 works against a lever 73 fastened 
to a shaft 74. A two-armed lever 76, 77 is pivoted at a 
fixed point 75 and is subjected to a torque by a tension 
spring 78 tending to rotate the lever 76, 77 clockwise as 
shown in FIG. 3. The arm 76 of the lever thus bears 
against the bearing 57. The arm 77 on the other hand, 
when rotated counterclockwise, engages the actuating arm 
79 of a microswitch 81 to, close that switch. 
At the upper end thereof the lever 56 is connected at 

a pivot 80 to a rod 82 supported for rectilinear motion 
by bearings 82. Adjacent the free end of the arm 82 re 
mote from the pivot 80 there is disposed a lever 85 
pivoted at 83. A semicircular plate 84 is affixed to lever 
85 concentrically with the pivot 83. The lever 85 serves 
as a weft thread sensing element, sensing the presence 
of the thread 10 after every picking operation. If the 
thread is present and not broken the counterclockwise 
rotation of lever 85 under influence of gravity will be 
limited by the thread to the position shown. Hence the 
left end of the rod 82 will, on leftward motion pass freely 
to the left above plate 84. If instead the thread 10 is 
broken, lever 85 will rotate farther counterclockwise in 
FIG. 3 so that the semicircular portion 84 of the feeder 
will block the path of the rod 82. Consequently, in the 
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4. 
latter event, when shaft 51 drives the connecting rod 54 
to the position shown therefor in chain dotted lines at 
54a, the lever 56 will be caused to rotate about its upper 
end 80 as a stationary pivot, so that the lever 56 will 
take up the position shown therefor in chain dotted lines 
at 56a. The bearing 57 and the rod 58 will be shifted to 
the right; the scanning shaft 74 will be rotated counter 
clockwise, and by means of linkage connected thereto the 
loom will be stopped. At the same time the lever 76, 77 
will be rotated counterclockwise to close the microswitch 
81. By means of the circuit 86 of FIGS. 1 and 3, a signal 
indicative of weft thread breakage will be transmitted to 
the data collecting system to be further described below. 

Signal lines 87 similar to the lines 86 extend from the 
terminal box 88 of each loom, these lines 87 being con 
nected in circuit with the warp thread monitoring de 
vices of the looms and with means to indicate whether 
the drive motors 47 thereof are energized and the like. 
That is to say, for each loom there are provided sepa 
rate signalling circuits extending to the space 89 for one 
or more of the functions such as weft thread breakage, 
warp thread monitoring (the means for which have not 
been illustrated), drive motor voltage, drive motor con 
trol switch position, etc. 

In FIG. 1, the reference character 87 identifies for 
each loom a cable carrying these circuits for one loom. 
Thus whenever a warp thread breaks or a loom is stopped 
for some other reason a signal is delivered over the cor 
responding line 87 from that loom to the data collect 
ing apparatus. This apparatus is disposed in a control 
room 89 and comprises a manual data input device 91. 
as shown in FIGS. 1, 4 and 5. It also comprises a tape 
perforating device 92, a digital clock 93 and other ele 
ments to be described hereinafter. 

In the schematic diagram of the data collecting appa 
ratus of FIG. 4, data transmission channels within the 
apparatus for the transmission of such data as loom 
identifying numbers and signals for breakage of warp 
and weft threads and also data manually inserted at the 
device 91 are shown as double lines. Control signal chan 
nels on the other hand are shown as single lines. The 
signal lines 87 from each loom connect to input storage 
devices 94, a separate storage device 94 being provided 
for each loom. A further input storage is provided at 95 
connected in parallel to the loom input storage devices 
and is connected via a control line 96 with the control 
device 97 for the manual insertion device 91. 
An electronic input counter 99 is connected to the 

input storage devices 94 and 95 via lines 98 for control 
or scanning. A data line 10 for transmission of loom 
identifying machine numbers leads from the input counter 
99 to a multiplex switching device 102. A data line 103 
carrying digital time signals from the clock 93 also feeds 
into the switching device 102, as does a data line 104 
for manually inserted data. The switching device 102 also 
receives as input over a data line 106 from a control 
device 105 data concerning the cause or nature of mal 
functions and concerning the restarting of the looms. 
From the multiplexing device 102 a data line 107 extends 
to the tape perforator 92. 
The input storage control device 105 is connected to a 

central control box 108 by the means of a control signal 
line 109. The input control element 112 of the input 
counter is connected to the control box 108 via a con 
trol line 111. The control 114 of the digital clock is con 
nected to the control box 108 via a control line 113. 
The manual insertion device control element 97 is con 
nected to control box 108 via control line 115. The con 
trol elements 117 and 118 for the multiplexer 102 and 
perforator 92 are connected to the box 108 through the 
control line 116. 
The tape punch 92 is additionally connected by a con 

trol line 120 with the control 117 so that the tape 21, 
which is discontinuously advanced by means of sprocket 
type holes 122 in the direction of the arrow in FIG. 4 
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after each punching operation, will be punched and ad 
vanced in accordance with the signals arriving on the 
data lines 101, 103, 104 and 106 as transmitted through 
the multiplexer 102 over data line 107. 
The mode of operation of the apparatus is as follows. 

The data collection apparatus of FIG. 4 is so constructed 
that every interruption in the operation of a loom as a 
result of one or more different types of malfunction such 
as weft thread breakage, or warp thread breakage or for 
any other reason (as for example nonentry of the shuttle 
into the catcher, indicated by the monitor 17 of FIG. 1) 
will be automatically punched into the tape 2 by the 
automatic devices 94 and 99. Between such automatic 
punchings, manually inserted data introduced by opera 
tion of the keyboard device 91 may be given to the tape 
to record other events such as change in warp beams, 
change in the weft thread material, change of weft thread 
spools 11, or the like. 

In the case of information pertaining to a loom intro 
duced automatically over the lines 86 and 87, the num 
ber identifying the loom in question will be automatically 
punched into the tape by operation of the input counter 
99. In the case of information manually inserted via the 
keyboard device 91, and which pertains to a particular 
machine, the corresponding machine number must be in 
serted by hand. If the event to be recorded is not related 
to a particular machine, the number 000 will be punched 
in. Interruption of loom operation as a result of warp 
thread breakage may be indicated by the code number 
1, interruption due to weft thread breakage by the code 
number 2 and interruption for other reasons by the code 
number 9 punched into the tape. Each punching is ac 
companied automatically by punch-in of the correspond 
ing time, signals for which are delivered from the digital 
clock 93. 
FIG. 6 shows in detail a sample of the tape 121. The 

punching may be effected according to an eight channel 
or eight "level” code, the channels being identified by 
reference characters 131 to 138 in FIG. 6. The levels 
131 to 134 may be employed for recording binary num 
bers, punches in these levels having respectively the 
decimal values 1, 2, 4 and 8. Holes punched in a plu 
rality of these levels at a common position lengthwise 
of the tape are to be added together to obtain the value 
of the one-digit decimal number recorded in binary form 
at that position. 

Sprocket hole perforations for effecting advance of the 
tape are shown at 122. 
To the right of the sprocket holes 122 channel 35 is 

employed for so-called check perforations, identified as 
CH in FIG. 6. A hole in the channel 136 denotes the 
number zero. A punch in the channel 37 denotes an 
arbitrary event X whereas one in the channel 138 con 
stitutes the “end of line' symbol indicating the end, 
lengthwise of the tape, of punchings pertaining to a par 
ticular event. Two such events are identified in FIG. 6 
by means of reference characters 141 and 142. 
By means of the input counter 99 any desired number 

such as 100 input storage devices 94 may be Scanned per 
second. Each of the storage devices 94 stores at any in 
stant intelligence representing the operating condition of 2. 
separate loom, indicating for example that it is in oper 
ating condition. By operation of the counter 99 compari 
son is effected to determine whether the stored informa 
tion coincides with the instantaneously existing operat 
ing condition of the loom. In the event of a difference, 
the counter 99 is temporarily stopped and the event en 
tered into the corresponding store 94 together with the 
time (from the clock 93) is punched into the tape. 

If for example in loom No. 169 the weft thread 10 
breaks at 11 hours 19 minutes 26.4 seconds, the feeler 
85 of FIG. 2 will move downwardly until the loom is 
stopped by operation of the apparatus shown in FIG. 3, 
and an electric signal will be delivered via line 86 of that 
loom to the input storage device 94 pertaining to loom 
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No. 169. Upon scanning of the store by the counter 99, 
the counter stops and the store is set to store the new 
condition of operation of the loom (i.e., nonoperation). 
Thereupon the machine number "169' is punched into the 
tape as indicated in FIG. 6 in the first three positions 
lengthwise of the tape. Then the event, abbreviated “E” 
in the legend on FIG. 6, is punched into the tape. Since 
the event is assumed to be a weft thread breakage for 
which the code symbol is the decimal number 2, it is re 
corded on the tape as a single perforation in column 132. 
The time of occurrence of this event, signals for which 
are received from clock 93 and which time is assumed 
to be 11:19:26.4 hours or 11.324 hours in decimal terms, 
is punched into the tape, one decimal digit per position 
lengthwise of the tape with each digit being recorded 
in binary form. Lastly comes the end of line symbol “EL' 
concluding the message 141. The tape is then advanced 
so that the next tape interval 142 can be punched as soon 
as an event to be recorded occurs. Until the occurrence 
of such event, the tape will be stationary. 

It has been assumed for the tape section 142 that a 
warp thread breaks at loom No. 92 and at time 15.341 
hours. By means of a warp thread monitoring device on 
that loom, not shown in the drawing but which may in 
clude a blade which is allowed to fall when a warp thread 
is broken and which thereby completes an electric circuit, 
an electric signal is delivered from the switching device 88 
of that loom and is fed over line 87 to the store 94 belong 
ing to loom No. 92. Upon scanning of this store by the 
counter 99, the changed status of the store is detected and 
the loom identifying number 092 will be punched into 
the tape. Thereupon there is punched in the event code 1, 
identifying warp thread breakage, and thereafter the num 
ber 15.341 hours and lastly the end of the line symbol. 
The tape is then ready for the next punching operation. 

if for example during operation of loom No. 157 it is 
necessary to change the warp thread beam (which event 
is identified by a suitably coded symbol Such as a punch 
in the “X” column 137), the loom operator will record 
this fact on the tape by means of the manually operated 
keyboard input device 91. First he will punch in the ma 
chine identifying numbers on the 1, 5 and 7 keys of key 
columns 151, 152 and 153. He will then punch key X on 
the event-identifying keyboard 154. The operated keys 
may light up to indicate operation thereof. The oper 
ator then presses the transmit button 155 so that corre 
sponding signals pass via the data lines 101 and 104 to 
effect the punching of the tape 121. 

After repair of the broken weft thread at loom No. 169 
there will automatically occur, on restarting of that loom, 
a corresponding punched recording on the tape. This will 
include the number of the loom, the event (i.e. resump 
tion of weaving), and the time. Similarly, automatically 
upon correction of the broken warp thread on loom No. 
92 and manually upon completion of the warp beam 
change at loom No. 157, the tape will be advanced and 
punched to record those events. 

If there is to be manually inserted onto the tape an 
event not pertaining to a particular loom such as the end 
of a work shift or the beginning or end of a rest period 
for any particular employee, then the punching operation 
is only that of a corresponding event key in the portion 
154 of the keyboard device 91, no number in the loom 
identifying key columns 151 to 153 being punched. The 
result will automatically be appearance on the tape of 
the number 000, signified by punches in the column 136 
at the first three positions lengthwise of the tape after the 
end of line symbol punch in column 138 which identifies 
the end of the previously punched message. 

This so-called linear recording of events does not pro 
duce a continuous record of the operating condition of 
the individual looms. Rather, it records in time succes 
sion each change in condition of a loom such as stoppage 
thereof due to warp thread breakage, restarting after re 
pair of thread breakage and the like. After each punching 
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operation the tape will advance to be ready for the re 
cording of the next event thereon. The continuing opera 
tion of the looms is not recorded, rather only changes in 
the condition thereof such as restoration to operation 
after interruption. Nothing is recorded during continuous 
operation. 
The punched tape so obtained by means of the appa 

ratus of FIGS. 4 and 6 is available for evaluation by 
means of a computer which may be programmed in any 
of a wide variety of ways. 

In the case of large loom installations, the computer 
may be continuously connected to the data collection sys 
tem of the invention and operate exclusively in conjunc 
tion therewith. In other cases, the tapes 121 obtained 
may be employed with a computer operating only in part 
therefor, the computer serving at other times for other 
purposes such as payroll computations. 
The number of looms connected to the input storage 

devices 94 and hence the number of those devices may 
vary widely, as indicated by the dotted indications in 
FIG. 4. Likewise, the scope of the manual insertion device 
91 may vary in extent, for example, as to the alphanu 
meric portion 154 thereof. In addition, the system may be 
so arranged that either more or fewer than three different 
events of types of events may be automatically recorded. 
In another embodiment, the manual data insertion device 
91 may be dispensed with, the system operating only to 
effect automatic recording of limited types of occurrences. 
The coding and disposition of the data on the tape 121 

can likewise take place in various ways. The manual input 
device 91 may be of portable construction, connectable to 
the system at various places so that manual insertion can 
be effected into the sysem from various points within the 
weaving room. 

While the invention has been described herein in terms 
of a presently embodiment, the invention itself is not lim 
ited thereto but comprises rather all modifications on and 
departures from that embodiment properly falling within 
the spirit and scope of the appended claims. 
We claim: 
1. A method of recording operational data relating to 

a plurality of looms, including the steps of transmitting 
from each loom to a corresponding one of a series of 
separate storage devices at a common location a signal 
representative of an operational condition of said loom, 
periodically scanning said storage devices in succession 
and comparing the previously stored data in each stor 
age device with the actual operational condition of the 
corresponding loom, replacing the previously stored data 
in each storage device by appropriate new data in the 
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8 
event of a change having occurred since the last Scan, 
and recording in succession on a common tape a plu 
rality of data groups each of which represents the change 
in operational condition of one of said looms detected in 
said comparison step and the time of performance of said 
comparison step. 

2. Apparatus for recording operational data relating 
to a plurality of looms, said apparatus including for each 
of said looms a storage device for storing operational data 
on that loom, a signal line extending from each loom to 
the corresponding storage device for transmission thereto 
of loom-condition representative signals, means to peri 
odically scan the storage devices sequentially and to com 
pare the data stored in each with the signal on the cor 
responding ones of said lines and in the event of a dis 
parity to replace the stored data by appropriate new data, 
and means to record on a common tape successively data 
groups representative each of a change in data stored 
in one of said storage devices and representative further 
of the time of operation of said scanning and comparison 
means at which said disparity was detected. 

3. Apparatus according to claim 2 including a source 
of digital time signals, and means to connect said time 
signal source to said recording means upon each record 
ing by said recording means of a change in data stored 
in said storage devices. 

4. Apparatus according to claim 2 including manually 
operable means to supply data to said recording means 
and means to connect said manually operable means to 
said recording means. 

5. Apparatus according to claim 4 wherein each loom 
includes a member movable from a first position to a sec 
ond position in the event of a change in the operational 
condition of the loom, and a microswitch positioned to 
be actuated by such movement and connected in circuit 
with signal line extending from the loom to the corre 
Sponding storage device. 
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